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Abstract 
In this paper we use a small open economy Dynamic Stochastic General Equilibrium Model (DSGE) for Spanish economy to search 
for a deeper characterization of the determinants of Spain’s macroeconomic fluctuations throughout the period 1970-2008. In order to do 
this,  we distinguish between tradable and non-tradable goods to take into account the fact that the presence of non-tradable goods in this 
economy is one of the largest in the world. We estimate a DSGE model with supply and demand shocks (sectorial productivity, public 
spending, international real interest rate and preferences) using Kalman Filter techniques. We find the following results. First of all, our 
variance decomposition analysis suggests that 1) the preference shock basically  accounts for private consumption volatility 2) the 
idiosyncratic productivity shock accounts for non tradable output volatility; and 3) the sectorial productivity shock along with the 
international interest rate both greatly account for tradable output. Secondly, the model closely replicates the time path observed in the 
data for the Spanish economy and finally, the model captures the main cyclical qualitative features of this economy reasonably well. 
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1. Introduction 
 
The aim of this paper is to extensively study the determinants of Spain’s macroeconomic 
fluctuations. It analyzes the period 1970 – 2008 to avoid the distortions created by the international financial 
and economic crisis.  
In this sense, this paper analyzes the sources of fluctuations and the implications on the behavior of 
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the Spanish economy by using a Dynamic Stochastic General Equilibrium Model (DSGE) for a small open 
economy with tradable and non tradable goods. As a first approach, we have decided to use the simplest 
possible model, without any rigidity, and with the fewest possible number of elements required to study the 
determinants of Spanish fluctuations. The advantage of this choice is that it reduces the number of parameters 
that must be estimated to a minimum. This procedure follows the direction of a broadening trend of academic 
research philosophy (see Chari et al. 2008) and makes it easier to support/justify with empirical evidence. 
Moreover, this type of model offers solid economic foundations and the sources of fluctuations have a clear 
structural interpretation. 
The main characteristic of the model proposed is the disaggregation of the economy into tradable and 
non tradable sectors. This theoretical economy enables us to focus on three basic characteristics. First, it 
shows that 70% of aggregate Spanish output is non-tradable. Second, it provides a good framework to explain 
the cyclical evolution of the relative price of tradable goods in terms of non tradable goods. Finally, 
disaggregation also allows us to analyze the Spanish economy at the sectorial level. 
This paper revisits the model and estimates the main parameters that drive its dynamics as well as a 
wide variety of shocks that have hit the Spanish economy throughout the period under study (sectorial 
productivity shocks, public spending shocks, international interest rate shocks and preference shocks). The 
parameters of the model are estimated using Kalman Filter techniques.  
Once the model is estimated, we infer the series of historical shocks that have generated the observed 
series. It is then possible to analyze the determinants of Spain’s cyclical performance by assessing the model 
fit, impulse response functions and variance decomposition of the different shocks. 
Our findings may be summarized as follows.  First, our variance decomposition analysis suggests 
that private consumption volatility is mainly explained by the preferences shock; non-tradable output 
volatility is greatly explained by its sectorial idiosyncratic productivity shock, while tradable output is 
explained by tradable productivity shock as well as the international interest rate. This latter finding represents 
a remarkable difference with respect to previous works, such as Mendoza (1991) and Schmitt-Grohé (1998) 
among others, who conclude that this type of shock (real interest rate) does not seem to be very important in 
explaining the cyclical behavior of economic variables. Second, the model predictions closely represent the 
data for the Spanish economy. Finally, the model captures the main cyclical qualitative features of the data 
reasonably well. 
The rest of the paper is organized as follows. Section 2 describes the theoretical model. Section 3 
presents the numerical simulation of the model and the results. Finally, Section 4 concludes. 
2. The model 
The Spanish economy is represented by means of a dynamic stochastic general equilibrium model, 
under the assumption of rational expectations and with the characteristics of a small open economy. 
In each period, there are four goods: a tradable good, a non-tradable good, labor and capital. The 
country is specialized in the production of a tradable good and also produces a non-tradable good. Each good 
is used for consumption or investment. Tradable goods can be imported, but non-tradable goods like factories, 
residences or infrastructures, must be produced in the domestic country. 
 
2.1 The Household 
The economy is made up of a representative household, that obtains utility from the consumption of 
tradable goods ( TC ), the consumption of non-tradable goods ( NC ) and leisure ( )T NL N N  , where L is 
the time endowment of the members of household and NT  and  NN  are, respectively, the time devoted to work 
in the tradable sector and the non-tradable sector. Furthermore, labor is assumed to be perfectly mobile 
between both sectors. 
The representative household maximizes the expected utility defined over the stochastic sequences of 
consumption ( TC , NC ) and labor (NT, NN) subject to the budget constraint: 
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where 0,   1,   0 1, 0\ Q I V! !   ! , E0 denotes the expectation based upon the informational set 
available in the initial period, ta  is a shock in preferences, E is the intertemporal subjective discount rate, V  
is the risk aversion parameter,  1 1/ \   is the intertemporal elasticity of substitution for the labor supply.   
 The resources not consumed at each period are devoted to increase the stock of private physical 
capital of the following period. The investment at period t accumulates productive capital available at period 
t+1, and there is a cost of adjustment that depends on the net investment.  
The budget constraint is given by 
  1 1
*
1 1 1
1
( )
                                            ,
t t t t t t t t
t t t t t t t t
T T N N T T N N t t t
t T T N N T T N N t t
w N w N r K r K R D
P C P C P I P I D DW
    

    /  
     
                   (2) 
 Foreign bonds are one-period securities where rt denotes the interest rate at which domestic residents 
can borrow from international markets in period t. We assume that the domestic interest rate rt is increasing in 
the aggregate stock of foreign debt Dt. More precisely, we assume that rt evolves according to: 
* ( )t t tr R D / ,        (3) 
where *tR  is the exogenous international interest rate and ( )tD/  is the risk premium of the domestic 
country which is assumed to be a strictly increasing function. This poses a remarkable difference regarding 
previous models applied to the Spanish economy and it is also an important assumption in order to close a 
small open economy. For this purpose we follow the second strategy proposed by Schmitt-Grohé and Uribe 
(2003) in their seminal paper. We assume the following functional form for the risk premium: 
1
1( ) ( ) 1t ss
D D
tD sign D eM   ª º/  ¬ ¼ , where M  is a parameter and ssD  is the level of debt in the steady state. 
 In solving this optimization problem it is easy to find that the general price index for this economy, 
or price of the representative bundle of consumption goods, is given by 1
t t tc T N
P P PI I .  
Finally, the trade balance can be obtained from the optimal evolution of the stock of assets Dt, as a 
function, among others, of external determinants such as the international interest rate: 
 *
1 11 ( )t t t t tD TB R D D ª º   /¬ ¼   .           (4) 
2.2. Firms that produce final goods 
There is only one tradable good, produced by the representative domestic firm and the foreign sector, 
the latter with a perfectly elastic supply of imported goods. There is also a representative domestic firm that 
produces non-tradable goods. Both tradable and non-tradable goods are produced according to a Cobb-
Douglas function, combining capital and labor as inputs,  
 1
1 1
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where
tj
Z , j = T, N, is a shock on the total factor productivity in each sector.  
The representative firm in each sector (tradable and non-tradable) solves the following problem: 
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2.3. Government  
The budget constraint of the government is balanced period by period. Hence, the level of 
government spending is equal to the lump sum taxes paid by the households. We assume that all of the 
government spending is of non-tradable nature. Therefore the public budget constraint is as follows 
 
tN t
G W  (7) 
2.4         Supply and demand Shocks 
 Finally, we introduce different types of uncertainty in this economy: supply (productivity) shocks, 
demand (preferences) shocks and external (international interest rate) shocks. 
i) We assume that technology shocks in both sectors are not independent, following a bivariate, first-
order autoregressive process VAR(1) 
ii) 
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where parameters TU  and NU  capture the persistence of the shocks, while iX  reflects the 
spillover effects between both sources of fluctuations. Finally, the covariance is denoted by 
]  parameter. 
iii) Shocks in preferences also follow an AR(1) process: 
                
1
2
t 1 t  ln   ln  , (0, )t ta a a aiida a NM H H V   .                        (9) 
iv) Shocks in public spending also follow an AR(1) process: 
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v) Finally, shocks in the international exogenous interest rate are modeled as: 
                               1
* * *
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 We assume that the shocks in productivity, shocks in preferences, and shocks in international interest 
rate are independent. 
3. Estimation Results 
 
The sources of data for this paper are the Spanish National Accounts, the Ministry of Economy and 
BBVA Foundation. Data is annual and covers the period 1970 to 2008.  
3.1 Assessing the model fit 
Before looking implications of the model on understanding how the shocks contribute in explaining 
the aggregate fluctuations of the Spanish economy, we need to assess its overall goodness of fit. One first test 
is to compare the time evolution of the series used in the estimation process with the prediction of the model 
for the same variables. Figure 1-2 compares observed data and model predictions for several series included 
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in the estimation data set: i) sectorial and aggregate added value, ii) sectorial and aggregate private 
investment, iii) non tradable labor iv) non tradable to tradable price ratio and, vi) aggregate consumption. 
These results are representative of the fit that is observed in the rest of the series. The remarkable similarity 
between observed and estimated data suggests that the model predictions closely represent the data for the 
Spanish economy. 
Another useful measure for fit is to compare the moments for the observed and the simulated 
variables. Calculations not reported here show the first and second order moments for the data and the 
corresponding theoretical moments in the estimated model. In particular, the model reproduces with 
remarkable accuracy the statistics for the price of non tradable goods relative to the price of tradable goods, 
the so-called dual inflation, as well as production for both the aggregate economy and the tradable sector. On 
the other hand, the model underestimates the volatility of investment in both productive sectors, although it is 
capable of reproducing the standard fact that investment volatility is much larger than output volatility. 
Finally, the model overestimates the Dolado et al. Puzzle, that is, the larger than standard relative volatility of 
private consumption. We attribute this slight discrepancy to the size of sample period used in the estimation 
(only 39 observations), which makes the comparison between theoretical model moments and the sample 
moments problematic†.  
It is worth pointing out that the model captures the main qualitative features of the data reasonably 
well. Specifically, the model correctly predicts high sectorial investment volatility. Similarly, the model 
succeeds in predicting similar volatility for sectorial and aggregate outputs. The model correctly predicts the 
higher volatility of private consumption in the Spanish economy (Dolado et al. Puzzle) and the behavior of the 
relative non tradable prices, i.e., the so-called dual inflation phenomenon. 
3.2 Impulse Response Analysis 
Let us look at one additional model property that is useful when assessing the reliability of the model 
that accounts for the behavior of economic variables of the Spanish economy:  implied transmission.  
Figures 3-6 show the impulse functions for the main sectorial variables in response to shocks in 
tradable productivity, non tradable productivity, real interest rate and preferences respectively. The size of 
each shock is normalized to one standard deviation. 
Figure 3 displays the responses to a shock to productivity in the tradable sector.  
Figure 4 shows how a positive technological non tradable shock produces effects opposite to the 
aforementioned. The effects of an international real interest rate shock are shown in Figure 5. Finally, Figure 
6 shows how a positive shock in preferences contemporaneously generates an increase of the demand for both 
types of goods, tradable and non tradable, and hence increases relative non-tradable prices given that the price 
of tradable goods is established by the international market. Consequently, current savings falls and, in turn, 
sectorial investment decreases. As sectorial and aggregate consumption increase, so does the production in 
both sectors.. Note that in this case the return to steady state is slower. 
4. Conclusions 
Long before the current financial and economic crisis and ever since the Spanish economy entered the 
European Monetary Union (EMU), issues like ‘convergence’, ‘synchronies’ or ‘differentials’ have become 
major subjects of analysis due to the relevant role they play in testing the performance of the economy within 
an integrated monetary area. 
In particular, the study and analysis of the cyclical movements of the economy allows us to obtain 
valuable complementary information that enables us to analyze the adjustment mechanisms of prices and 
 
 
† For instance, in the data the volatility of aggregate production is 1.3 while in the model it is 1.04. In the case of sectorial investment we 
obtain a volatility for the tradable and non tradable investment of 4.33 and 3.56 while in the data these figures are 6.58 and 4.63 
respectively. Finally the non tradable relative price presents a volatility of 1.54 in the data while the model reproduces 1.37 for this 
variable. 
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quantities, as well as the type of shocks underlying the cycle itself. Previous work along this line was carried 
out by Martín-Moreno (1998), Martín Moreno et al. (2012) and Martín Moreno et al. (2014). However, we 
believe that a deeper characterization of the business cycle for the Spanish economy is required. 
To this end, we use a Dynamic Stochastic General Equilibrium Model for a small open Spanish economy 
with tradable and non tradable goods with five types of shocks (sectorial productivity, public spending, 
international real interest rate and preferences) to characterize the Spanish business cycle. 
Our findings can be summarized as follows: First, our variance decomposition analysis suggests that 
private consumption volatility is mainly explained by the preferences shock, idiosyncratic productivity shock 
greatly accounts for nontradable output volatility while sectorial productivity shock as well as international 
interest rate both account for tradable output. Second, model predictions may be considered to closely 
represent the Spanish economy data and, finally, the model captures the main cyclical qualitative features of 
the data reasonably well. 
 
Figure 1: Sectorial Variables – Data (blue line) and model fit (green line) 
  
  
  
 
Figure 2: Aggregate Variables - Data (blue line) and model fit (green line) 
 
 
 
 
Figure 3: Impulse Response to a Tradable Productivity shock 
  
413 José María Martín Moreno et al. /  Procedia Economics and Finance  14 ( 2014 )  407 – 414 
  
 
 
Figure 4: Impulse Response to a non-Tradable Productivity shock 
  
  
 
 
Figure 5: Impulse Response to a Real Interest Rate shock 
  
  
 
 
 
 
Figure 6: Impulse Response to a Preference shock 
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